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Abstract
Abiotic stresses negatively affect crop development and yield. However, the use of seaweed 
extracts can alleviate production losses through improvement of the antioxidant system and 
synthesis of compatible osmolytes. The aim of this study was to assess the effects of Ascophyllum 
nodosum extract on antioxidant response and yield of common bean plants (Phaseolus vulgaris) 
under drought stress. Therefore, two methods of application (foliar spray and soil irrigation) and 
two doses (5 and 10 mL L-1) were tested, whereas untreated plants were used as control. There 
were no significant differences in malondialdehyde and hydrogen peroxide contents among 
treatments, indicating that application of seaweed extract did not change the oxidative status 
in treated plants when compared to the control ones. On the other hand, the use of seaweed 
extract increased proline content even prior to drought stress (46.3 to 145.4% when compared 
to the control), and this increment remained until the 10th day of stress (from 60.1 to 201.7% over 
the reference plants), supporting early evidences that A. nodosum extract is a plant elicitor. 
The yield parameters were not affected by the extract, probably due to the severe drought 
stress which plants were submitted. The results suggest that A. nodosum extract affects proline 
metabolism in Phaseolus vulgaris plants, making the synthesis of this osmolyte more responsive 
to drought stress because seaweed-treated plants presented a higher proline content than the 
control ones during the exposure to water deficit.
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Due to the fast global environmental 
changes, the ability to maintain or even increase 
crop quality and yield is becoming difficult. Abiotic 
stresses cause morphological, physiological, 
biochemical, and molecular changes that 
adversely affect plant development and 
productivity. Drought generates an insufficient 
water supply to plants resulting in oxidative stress, 
yield losses and plant death (Zhang & Ervin, 2008; 
Cia et al., 2012; Boaretto et al., 2014; Medici et 
al., 2014; Mansori et al., 2015). However, crop 
performance can be improved with the use of 
seaweed extracts, which are an environmentally 
friendly alternative to the use of fertilizers and 
biostimulants (Craigie, 2011; Carvalho & Castro, 
2014; Artioli et al., 2015; Battacharyya et al., 2015).
Ascophyllum nodosum (L.) Le Jolis extract 
contains several compounds (such as auxins, 
cytokinins and gibberellin) which can stimulate 
plant development and yield, also improving 
tolerance to abiotic stresses (Rayorath et al., 
2008a,b; Craigie, 2011; Khan et al., 2011; Kumar 
& Sahoo, 2011; Nair et al., 2012; Carvalho et al., 
2013, 2014; Carvalho & Castro, 2014; Artioli et al., 
2015; Battacharyya et al., 2015). However, the 
action mechanisms of A. nodosum extract are 
little understood and their elucidation is important 
for the development of strategies that increase 
plant yield and tolerance to abiotic stresses.
There are few studies that associate the 
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effects of seaweed extracts on plant development 
and antioxidant system of important tropical 
crops under drought stress, and none of them 
reported the influence of this biostimulant on 
fruit/grain yield and quality. For instance, Mansori 
et al. (2015) showed that seaweed-treated 
bean plants exhibited increases in superoxide 
dismutase (SOD, EC 1.15.1.1), catalase (CAT, 
EC 1.11.1.6) and ascorbate peroxidase (APX, 
EC 1.11.1.11) activity during drought stress when 
compared to the control plants. Spann & Little 
(2011) reported that application of seaweed 
extract, as foliar spray and soil drench, increased 
the drought tolerance of citrus stock plants under 
water deficit, however, there is no information 
about either productivity or oxidative stress 
indicators.
In this work, the common bean (Phaseolus 
vulgaris L.) was selected as the plant subject 
because it is a relevant economically crop for 
developing countries, in which it is often used to 
mitigate hunger and malnutrition. This study aimed 
to evaluate the effects of doses and application 
methods of A. nodosum extract on biochemical 
and yield parameters of common bean plants 
under drought stress. The experiment was carried 
out in a greenhouse without temperature 
and humidity control, from November 2011 to 
January 2012, in Piracicaba, São Paulo state, 
Brazil (22º42’ S and 47º38’ W). Common bean 
seeds (P. vulgaris cv. IAC-Alvorada) were placed 
in plastic containers (15 dm3) which were filled 
with a mixture of clay, silt and sand (2:1:1). The 
soil composition and properties are listed in the 
Supplementary Table 1.
The treatments were: i) control (water), 
ii) foliar spray with seaweed extract 5 mL L-1, iii) 
foliar spray with seaweed extract 10 mL L-1, iv) 
soil irrigation with seaweed extract 5 mL L-1, and 
v) soil irrigation with seaweed extract 10 mL 
L-1. The physical and chemical characteristics 
of A. nodosum liquid extract are presented in 
the Supplementary Table 2. Applications were 
performed on the 14th, 28th and 35th days after 
sowing (when plants were at vegetative stage), 
in the morning (from 8:30 am to 9:30 am).
The drought stress was initiated by 
suppressing irrigation when plants were at R5 
stage, i.e. when 50% or more of them exhibited 
the onset of flowering (CIAT, 1986). The moisture 
content was determined by drying soil samples 
at 105 ºC until constant weight; it was 15.0, 7.0 
and 6.0% on 0, 5 and 10 days of drought stress, 
respectively. After 10 days of drought stress, 
plants were re-irrigated and the experiment was 
carried out until the end of the common bean 
plants biological cycle. During this period, plants 
received three more applications of seaweed 
extract (56th, 63rd and 70th days after sowing) in 
the morning (from 8:30 am to 9:30 am). 
During drought stress (0, 5 and 10 days of 
irrigation suppression), fully expanded leaves from 
the middle third of the plants were collected (from 
8:30 am to 9:00 am), to perform the biochemical 
analysis. Lipid peroxidation was measured as 
malondialdehyde production as described by 
Heath & Packer (1968). Hydrogen peroxide (H2O2) 
content was determined according to Alexieva 
et al. (2001). The extraction and determination 
of proline content was performed as described 
by Bates et al. (1973). Enzyme extraction and 
evaluation of CAT activity was carried out 
according to Azevedo et al. (1998), and protein 
content of samples was determined by the 
Bradford’s method (1976). 
At harvest, the number of pods was 
assessed, and then they were placed in paper 
bags and taken to an oven for 72 h at 60 °C. 
Subsequently, the dry mass and number of grains, 
20-grain dry mass and number of grains per pod 
were determined. The experimental design was 
completely randomized, with five treatments, 
eight replications for production parameters 
and four replications to perform biochemical 
analysis. The obtained data were submitted to 
analysis of variance (ANOVA) at 5% significance 
level, and Tukey’s test (α ≤ 0.05) was used to 
compare means among treatments. Data from 
proline content and CAT activity, which were 
collected on days 0 and 5 of drought stress, were 
transformed to log10(x) to be in accordance with 
statistical assumptions to perform the ANOVA. 
After analysis, data were converted to the 
original scale, to facilitate comparison of results 
among treatments. All statistical analyses were 
performed using SAS® statistical software (SAS 
Institute, 2011). 
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Seaweed extract produced from A. 
nodosum is able to stimulate plant development 
and yield, through improvement of tolerance 
mechanisms to abiotic stresses (Zhang & Ervin, 
2008; Craigie, 2011; Nair et al., 2012; Mansori et 
al., 2015; Artioli et al., 2015; Battacharyya et al., 
2015). However, lipid peroxidation (indicated 
as malondialdehyde content) and hydrogen 
peroxide concentration did not differ among 
treatments (Figure 1A-B). 
On the other hand, the use of A. nodosum 
extract decreased lipid peroxidation in creeping 
bentgrass (Agrostis stolonifera L.) subjected to 
heat stress for 42 days (from 24 to 52%, when 
compared to the control) (Zhang & Ervin, 2008). 
According to these authors, seaweed extract 
improved plant tolerance because it is able to 
increase the endogenous cytokinin content. 
Currently, it is known that A. nodosum extract 
changes the cytokinin synthesis in Arabidopsis 
thaliana L. by regulating expression of genes 
related to the metabolism of this hormone (Khan 
et al., 2011). 
In order to prevent or reduce the 
Figure 1. Effects of doses and application methods of Ascophyllum nodosum extract on malondialdehyde (A) and 
hydrogen peroxide contents (B), CAT activity (C) and proline content (D) in common bean (Phaseolus vulgaris) plants 
on 0, 5 and 10 days of drought stress. FS 5: foliar spray 5 mL L-1; FS 10: foliar spray 10 mL L-1; SI 5: soil irrigation 5 mL L-1 and 
SI 10: soil irrigation 10 mL L-1. Values are mean ± standard error (n=4). * indicates differences between the treatment 
and control by Tukey’s test (α ≥ 0.05) on each day of evaluation.
damage caused by the production of reactive 
oxygen species (such as hydrogen peroxide) 
due to abiotic stresses, a complex detoxification 
mechanism that involve the enzymatic systems 
is triggered in plants (Ashraf & Foolad, 2007; 
Zhang & Ervin, 2008; Cia et al., 2012; Nair et al., 
2012; Boaretto et al., 2014; Gratão et al., 2015; 
Mansori et al., 2015). Hydrogen peroxide may be 
detoxified by CAT, which is one of key enzymes 
that scavenge this compound (Azevedo et al., 
1998; Boaretto et al., 2014; Mansori et al., 2015). 
However, CAT activity did not exhibit any major 
significant variation among treated and control 
plants (Figure 1C), and, hence, the role of other 
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peroxidases that were not evaluated cannot be 
ruled out.
Previous studies also reported changes 
in the antioxidant compounds related to the 
non-enzymatic mechanisms, such as carotenoid, 
ascorbic acid and total phenolic contents, on 
seaweed-treated plants (Zhang & Ervin, 2008; 
Carvalho et al., 2014; Mansori et al., 2015; Kasim 
et al., 2015). In the present work, we noticed that 
application of algae extract triggered increases 
in the proline content in common bean plants 
under drought stress (Figure 1D). Even on day 
0, there was an increment that ranged from 
46.3 to 145.4% when compared to the control, 
evidencing that proline accumulation is further 
induced prior to drought stress. Furthermore, 
untreated plants exhibited little variation in the 
proline content during the period of stress. These 
responses indicate that A. nodosum extract is 
an elicitor compound that influence proline 
metabolism, making it even more responsive 
in plants subjected to drought stress because 
treated-plants exhibited a higher proline 
production than the control ones during the 
water-deficit period (from 27.5 to 201.7%). 
According to Ashraf & Foolad (2007), 
proline production is induced by several stresses, 
acting in osmotic adjustment, stabilization of 
sub-cellular structures, free radicals scavenging, 
redox potential buffering and induction of stress-
responsive genes. Its concentration depends 
on the species, cultivars, plant organs and 
phenological stage, also varying according 
to the type of abiotic stress and its severity 
(Claussen, 2005; Ashraf & Foolad, 2007; Mafakheri 
et al., 2010; Kavi Kishor & Sreenivasulu, 2014). 
In common bean, proline production via up-
regulation of P5CS was differently affected by 
drought, salt and cold (Chen et al., 2009): both 
gene expression peak and proline synthesis were 
delayed by the plant exposure to the drought 
condition, when compared to the other stresses 
(days vs hours). However, drought-stressed plants 
exhibited the highest proline accumulation, 
reaching approximately 2.60 µmol against 0.44 
µmol g-1 FW in those under cold and salt stresses 
(Chen et al., 2009).
In Arabidopsis, the removal of feedback 
inhibition of an enzyme from the proline 
metabolism resulted in a high accumulation of this 
osmolyte (52 mmol g-1 FW, approximately 300% 
when compared to the control), which provided 
increases in the plant tolerance to osmotic stresses 
(Hong et al., 2000). Curiously, the application of A. 
nodosum extract enhanced the proline synthesis 
(up to 52.52%) in Arabdopsis under freezing stress 
(Nair et al., 2012). These authors showed that 
lipophilic components of A. nodosum extract 
changes proline concentration by regulating 
expression of genes related to its biosynthesis 
and degradation (P5CS1, P5CS2 and ProDH, 
respectively). Although proline accumulation 
does not always occur in plants under abiotic 
stresses, there is a strong correlation between 
stress tolerance and osmolyte accumulation in 
higher plants (Hong et al., 2000; Ashraf & Foolad, 
2007; Kavi Kishor & Sreenivasulu, 2014). Therefore, 
it is expected that plants overproducing proline 
are more tolerant to drought stress, which may 
result in higher yield when compared to the 
control or maintenance of standard yield, even 
under stress. However, yield components did not 
show statistical differences among treatments 
(Table 1).
Probably, some of the results were due 
to the severe drought stress by which the plants 
were subjected (10 days), since we observed that 
plants showed a high number of aborted flowers 
Table 1. Effects of doses and application methods of Ascophyllum nodosum extract on yield components of bean 
(Phaseolus vulgaris) plants subjected to drought stress for 10 days.
Treatments Numberof podsns
Number
of grainsns
Grains
per podns
Dry mass
of grainsns
20-grain
dry massns
Control   9.87 ± 2.68  26.50 ±   7.50 2.71 ± 0.26 5.17 ± 1.70 3.89 ± 0.31
Foliar spray 5 mL L-1   9.75 ± 1.58  29.25 ±   4.64 2.77 ± 0.18 6.67 ± 1.18 4.55 ± 0.18
Foliar spray 10 mL L-1 13.25 ± 2.84  40.63 ± 10.02 3.09 ± 0.28 9.72 ± 2.67 4.78 ± 0.34
Soil irrigation 5 mL L-1 12.75 ± 3.64  31.75 ±   8.67 2.58 ± 0.19 6.88 ± 2.03 4.33 ± 0.25
Soil irrigation 10 mL L-1   8.12 ± 2.09  21.88 ±   6.16 2.60 ± 0.25 4.76 ± 1.49 4.35 ± 0.18
p-value 0.6188 0.5118 0.5493 0.3842 0.1494
Ns: Non-significative by Tukey’s test (α≥0.05).Values are mean ± standard error (n=8). Each replication (pot) contained 2 plants.
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and pods, and less developed grains than the 
usual (smaller size and fewer seeds per pod). We 
can conclude that application of A. nodosum 
extract, as soil drench with solution containing 5 
and 10 mL L-1, induces proline synthesis (from 95.7 
to 201.7%) in common bean cv. IAC-Alvorada 
prior and during drought stress, indicating that A. 
nodosum extract affects the proline metabolism 
through an elicitor mechanism. 
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